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ABSTRACT 
 
 
 
 
Every chemical has its own element or composition. To determine the 
presence of this element, spectroscopic technique is used. Spectroscopic technique is 
a study interaction between matter/chemical with electromagnetic radiation (emr).  
Each chemical compound will have difference absorbance emr spectrum. In this 
project, the focus will be on Infrared region. In Infrared region, the functional group 
presence will be found. Chemical sample that have been use is polyethylene. 
Polyethylene will be undergoing degradation process with Manganese Laureate. 
Yield solution of the process will analyze by FTIR and the image of spectrogram will 
be recorded. In field of Electrical and Electronics Engineering field, the presence of 
functional group is determined based on image of spectrogram.  As conclusion, hope 
this project will give impact to chemist to make analysis of chemical. 
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ABSTRAK 
 
 
 
 
Setiap bahan kimia mempunyai unsur atau komposisi tersendiri. Cara untuk 
mengetahui kehadiran unsur ini di dalam sesuatu bahan kimia dengan menggunakan 
teknik spektroskopik. Cara ini merupakan kajian interaksi antara radiasi 
electromagnet dengan bahan kimia. Setiap bahan kima mempunyai kesan serapan di 
frekuensi yang berbeza di dalam spectrum radiasi electromagnet. Di dalam projek ini 
kita menumpukan kepada kawasan serapan infra-merah. Di dalam kawsaan ini, kita 
dapat mengetahui kumpulan befungsi hadir di dalam bahan kimia. Bahan yang 
digunakan ialah polietilena. Polietilena akan dioksidakan bersama larutan 
manganese.  Dengan menggunakan FTIR, gambar spektrogram akan dirakam. 
Melalui pendekatan bidang elektrikal dan elektronik, kita akan mengenalpasti 
kehadiaran kumpulan berfungsi berdasarkan gambar spektrogram yang dirakam. 
Diharap projek ini dapat membantu ahli kimia untuk menganalisis bahan kimia. 
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Overview 
 
Analytical Chemistry is one of the major branches of modern chemistry. It is 
subdivided into two main areas, qualitative and quantitative analysis. The former 
involves the determination of unknown constituents of a substance, and the latter 
concerns the determination of the relative amounts of such constituents. 
In the field of Electrical and Electronic Engineering, we want try to develop 
system for chemical analysis based on spectrogram. A spectrum can be used to 
obtain information about atomic and molecular energy levels, molecular geometries, 
chemical bonds, interactions of molecules, and related processes [1]. Often, spectra 
are used to identify the components of a sample (qualitative analysis). Spectra may 
also be used to measure the amount of material in a sample (quantitative 
analysis).This project will use image of spectrogram to make an analysis for 
chemical easily.  
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Spectroscopy, or the study of the interactions of electromagnetic radiation 
(emr) with matter, is the largest and most nearly accurate class of instrumental 
methods used in chemical analysis and indeed in all of chemistry. The 
electromagnetic spectrum is divided into the following wavelength regions: gamma-
ray, X-ray, ultraviolet, visible, infrared, microwave, and radio. The interactions of 
emr with matter involve absorption or emission of emr energy. The matter-emr 
interactions take place in devices called spectrometers, spectrophotometers, or 
spectroscopes. The spectra produced in these devices may be recorded graphically or 
photographically in images called spectrograms, which permit convenient study of 
the wavelengths and intensities of the emr absorbed or emitted by the sample being 
analysed.  
 
1.1  Problem Statement 
 
Some basic properties of the sample can be determined by the wavelengths and 
amount of light absorbed or the radiant energy emitted by sample into a wave 
spectrum. A given sample will not absorb all wavelengths equally. Because different 
samples absorb light at different wavelengths, a spectrometer can be used to 
distinguish compounds by analysing the pattern of wavelengths absorbed by a given 
sample. The result will record as spectrogram. 
From the spectrogram, chemist needs to analyse each spectrogram to check 
any possible of abnormality. The abnormality of the spectrogram between each other 
will contribute to different analysis. 
This project will help chemist to identify the abnormality of spectrogram to 
come out with better analysis and result. 
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1.2  Project Description 
 
In chemical field, to analysis chemical sample, one of method is based on 
spectrogram. The spectrogram is generated from software of FTIR as an image. To 
analysis data of spectrogram as in image format is not relevant. 
To solve this problem, the image of spectrogram will be converting into a 
signal. The main part of this project is to develop system for converting image of 
spectrogram into signal. The signal will have same characteristic as spectrogram. The 
presence of peak in signal will help to obtain information about chemical bonding 
and functional group. 
 
1.3  Objective 
 
The objective of this project is to identify the functional group of HDPE 
based on wavelength from spectrogram 
 
1.4  Project Scope 
 
To accomplish this project in order to work successfully, there are a few 
things to define in the scopes of the project. There are: 
 
i) The chemical sample is High Density Polyethylene, HDPE and 1% 
Manganese laureate.  
ii) Interpretation of HDPE 
iii) Interpretation presence of Manganese in HDPE 
iv) Interpretation of Functional Group after degradation of HDPE 
  
 
 
CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Electromagnetic Radiation (EMR) 
 
Light travels through space in the form of radiant energy [2]. Electromagnetic 
radiation can be arranged according to their wavelengths and frequencies called 
Electromagnetic Spectrum. It divided to following wavelength regions gamma-ray, X-
ray, ultraviolet, visible, infrared, microwave, and radio as Figure 2.1. 
 
Figure 2.1 Electromagnetic Spectrum 
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2.2 Polyethylene 
 
Before considering the interpretation of the spectrum of polyethylene, it is 
necessary to know the structure of the molecule. Although polyethylene may be 
considered to a first approximation as an infinite chain of CH2 groups, the chains are 
found in essentially two different configurations [3]. In the crystalline regions, whose 
structure is known from x-ray diffraction studies, 2 the chain is found in the planar zig-
zag configuration. In the amorphous regions, which can constitute up to half of the 
specimen, the chain configuration is an essentially random one restricted only by the 
conservation of bond angles and distances. The random figuration in the amorphous 
regions becomes a partially oriented one when the sample is stretched. It is thus very 
important to keep in mind that the usual spectrum of polyethylene represents a 
superposition of the spectra of two different types of chain configurations. The spectra 
of these two components are not identical, and failure to recognize this has led to 
erroneous assignments 
 
 
2.3 Hydrogen Bonding 
 
The presence of hydrogen bonding is of great importance in a range of 
molecules. Hydrogen bonding is defined as the attraction that occurs between highly 
electronegative atoms carrying a non-bonded electron pair [3]. Hydrogen atom itself 
bonded to a small highly electronegative atom. The example of this type of bonding as 
illustrated in Figure 2.2. It calls intermolecular hydrogen bonding. Hydrogen bonding is 
very important. This bonding influences the bond stiffness and so alters the frequency 
of vibration. 
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Figure 2.2:  Hydrogen bonding in H2O 
 
2.4 Spectrometers  
 
Late 1940, chemical identification or testing was done by selective separations 
and absolute determinations all based on gravimetric and volumetric techniques. It now 
referred to as classical chemical analysis. These classical methods require high 
analytical skill and are very accurate in the hands of skilled operators. Sadly this method 
is also very slow and cannot be readily adapted for the rapid analysis of large numbers 
of samples.  
Spectroscopy is an analytical technique which helps determine structure. The 
amount of light absorbed by the sample is measured as wavelength is varied.  
Spectrometer is an instrument that measures the fraction of the incident light transmitted 
[4] through a solution. In other words, it is used to measure the amount of light that 
passes through a sample.  
Spectrometers spread light out into wavelengths called "spectra," which look 
something like rainbow-colored bars. Using the spectra, scientists can look for and 
study the "emission lines" and "absorption lines" that are sort of fingerprints of atoms 
and molecules that may be present as Figure 2.3. Each atom has a unique fingerprint [2] 
because each can only emit or absorb certain wavelengths of energy. Thus, the 
fingerprint -- as seen in the location and spacing of spectral lines -- is unique for each 
atom. 
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Figure 2.3 Emission and Absorption lines as “fingerprints” 
 
A given compound will not absorb all wavelengths equally [5]. That why some 
compounds absorb only wavelengths outside of the visible light spectrum, and that’s 
why there are colorless solutions like water. Because different compounds absorb light 
at different wavelengths, a spectrometer can be used to distinguish compounds by 
analysing the pattern of wavelengths absorbed by a given sample.  
 
 
2.5 Spectroscopic Techniques 
 
The spectroscopic techniques described below do not provide a three-
dimensional picture of a molecule, but instead yield information about certain 
characteristic features. A brief summary of Infrared Spectroscopy 
 
•Infrared Spectroscopy:  
 
Absorption of this lower energy radiation causes vibrational and rotational 
excitation of groups of atoms within the molecule. Because of their 
characteristic absorptions identification of functional groups is easily 
accomplished. 
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2.6 Theory Absorption of Infrared Region 
 
At temperatures above absolute zero, all the atoms in molecules are in 
continuous vibration with respect to each other. When the frequency of a specific 
vibration is equal to the frequency of the IR radiation directed on the molecule, the 
molecule absorbs the radiation [5]. 
The major types of molecular vibrations are stretching and bending. The various 
types of vibrations are illustrated in Figure 2.3(a) and Figure 2.3(b). Infrared radiation is 
absorbed and the associated energy is converted into these types of motions. The 
absorption involves discrete, quantized energy levels [5]. However, the individual 
vibrational motion is usually accompanied by other rotational motions. These 
combinations lead to the absorption bands, not the discrete lines, commonly observed in 
the mid IR region. 
 
 
Figure 2.3(a) Stretching Vibration [5] 
 
 
Figure 2.3(b) Bending Vibration [5] 
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2.7 Spectrum Manipulation: Difference Spectra 
 
The most straightforward method of analysis for complex spectra is difference 
spectroscopy. This technique may be carried out by simply subtracting the infrared 
spectrum of one component of the system from the combined spectrum to leave the 
spectrum of the other component [6]. If the interaction between components result in a 
change in the spectral properties of either one or both of the component, the changes 
will be observed in the difference spectra. Such changes may manifest themselves via 
the appearance of negative and positive peak in spectrum. 
Spectra subtraction may be applied to numerous applications can be used for the 
data collected solution. In order to obtain the spectrum of a solution, it is necessary to 
record spectra of both the solution and solvent alone. The solvent spectrum may then be 
subtracted from the solution spectrum. 
 
2.8 Degradation Process 
 
Degradation due to the oxidation process as a result of exposing samples to the 
hot Manganese solution at 70°C for 1000 hours was detected by FTIR. Increase of the 
hot Mangnese solution exposure duration led to a significant increase in the carbonyl 
group concentration due to the higher oxidation of the molecules. The increase in the 
carbonyl band region (1600–1800 cm–1) is a characteristic for thermal degradation. 
Carbonyl groups usually account for most of the oxidation products on thermo-
oxidative degradation of polyethylene; the concentration of carbonyl groups can be used 
to monitor the progress of degradation [7]. The carbonyl absorption is composed of 
different overlapping bands corresponding to acids, ketones , aldehydes  and lactones . 
The growth of carbonyl absorbance was almost negligible for all samples during the hot 
Manganese solution exposure for 1000 hours. At 1000 hours of exposure, HDPE 
showed a large increase in carbonyl region. Other bands such as hydroxyl, ester and 
vinyl group are also present. HDPE show various band presence near 3500–4000 cm–1 
in the FTIR spectrum. The bands appeared to be due to the large number of terminal –
OH groups resulting from the bond scission due to the thermal degradation. The new 
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band at 1600–1800 cm–1  was assigned to the carbonyl stretching vibration from the 
oxygenated product [8]. 
 
 
2.9 Method to analyse spectra 
 
When do the analysis for the spectra, it is easier to follow a series of steps in examining 
each spectrum [9]. 
 
Step 1:   
Look first for the carbonyl C=O band. Look for a strong band at 1820-1660 cm
-1
. This 
band is usually the most intense absorption band in a spectrum. It will have a medium 
width. If there is the carbonyl band, look for other bands associated with functional 
groups that contain the carbonyl by going to step 2. If no C=O band is present, check for 
alcohols and go to step 3. 
Step 2:  
 If a C=O is present, then determines if it is part of an acid, an ester, or an aldehyde or 
ketone.  
ACID Look for indications that an O-H is also present. It has a 
broad absorption near 3300-2500 cm
-1
. This actually will 
overlap the C-H stretch. There will also be a C-O single 
bond band near 1100-1300 cm
-1
. Look for the carbonyl 
band near 1725-1700 cm
-1
. 
ESTER Look for C-O absorption of medium intensity near 1300-
1000 cm
-1
. There will be no O-H band. 
ALDEHYDE Look for aldehyde type C-H absorption bands. These are 
two weak absorptions to the right of the C-H stretch near 
11 
 
2850 cm
-1
 and 2750 cm
-1
 and are caused by the C-H bond 
that is part of the CHO aldehyde functional group. Look 
for the carbonyl band around 1740-1720 cm
-1
. 
KETONE The weak aldehyde CH absorption bands will be absent. 
Look for the carbonyl CO band around 1725-1705 cm
-1
. 
 
Step 3:  
If no carbonyl band appears in the spectrum, look for an alcohol O-H band. 
ALCOHOL Look for the broad OH band near 3600-3300 cm
-1
 and a C-
O absorption band near 1300-1000 cm
-1
. 
 
Step 4:  
If no carbonyl bands and no O-H bands are in the spectrum, check for double bonds, 
C=C, from an aromatic or an alkene. 
 ALKENE Look for weak absorption near 1650 cm
-1
 for double 
bonds. There will be a CH stretch band near 3000 cm
-1
. 
 AROMATIC Look for the benzene, C::C, double bonds which appear as 
medium to strong absorptions in the region 1650-1450 cm
-
1
. The CH stretch band is much weaker than in alkenes. 
 
Step 5:  
If none of the previous groups can be identified, you may have an alkane. 
ALKANE The main absorption will be the C-H stretch near 3000 cm
-
1
. The spectrum will be simple with another band near 1450 
cm
-1
. 
